A new analytical prediction of the phase transformation zone around the crack tip is proposed for shape memory alloys. The present analysis integrates the asymmetry between tension and compression in the yield surface of phase transformation around the crack tip. Shapes and sizes of the phase transformation zone are predicted for loading modes I, II and III. Furthermore, an experimental investigation for mode I loading fracture tests on edgecracked specimens of a nickel-titanium alloy is currently performing with a particular attention devoted on displacement and temperature fields evolution around the crack tip.
Analytical prediction of phase transformation region
In recent paper, Freed et Banks-Sill [1] rewieved the experimental and theoretical studies on failures. They cited another recent paper, by Robertson and Richie [2] , about the fracture toughening behaviour of a NiTi tube which was investigated experimentally. Classical SMAs behaviour models as those from Panoskaltis et al [3] have been used. This model considers the phase transformation surface as de Huber-Von Mises one. This present work aims at determining the shape and the size of the transformation zone in the vicinity of the crack tip with using our model [4, 5] , taking in account the asymmetry between tension and compression.
General formulation of transformation equation
Let us consider the second order symmetric a and the deviatoric tensor a S defined by (4) depending of the loading mode 
The Huber-Von Mises equivalent stress can be written as
One obtains the radius r as function of 
The general form of the phase transformation equation is taken as: 
At last, we introduce the parameter in order to make the distinction between plane stress (CP) and plane strain (DP) conditions
The choice of the shape function is important. The yield function F must be convex in the stress space whatever . Starting from proportional loadings on CuAlBe by Bouvet et al. [6] (bicompression on cubes and traction-compression, internal pressure on tubes), a first expression was chosen in order to fit the experimental results (17)
Results
As in many models, this model employs only one internal variable, the martensite fraction z such 1 0 z . The three elementary fracture loading modes were investigated: the opening mode I, the shear plane one II and the shear antiplane or tearing mode III. For each one, the plane stress conditions and the plane strain conditions are examined with 3 1 . To simplify, we assume that the material around the crack tip is fully transformed ( 1 z ) and show the transformation equivalent surface closest to the crack tip. So, c is taken as:
Analytically, the deformed domain can be divided in four regions: an untransformed region ( Obviously, for a given mode, the surface shapes have similarities with elasto-plasticity results from LEFM. Moreover, the transformation surface sizes are governed by the parameter a . Particularly for mode I, this parameter value, ie the asymmetry between tension and compression, is more decisive in plane stress than in plane strain conditions [8] .
Towards an experimental correlation
Two experimental aspects are developed in this section. An experimental investigation is currently implemented in order to observe strain localization during tip propagation (saturation and transformation regions) then, to correlate analytical predictions and experiments. It consists in measuring both temperature field with an infrared camera and displacement field with images correlation during mode I loading fracture tests. On figure 4, a map of temperature fields is given for three moments throughout the fracture test: at the beginning, about the middle and at the end of the crack propagation. Isotherms appear like a boomerang-shaped with an orientation of approximately 50°C relatively to the crack direction. At the moment, we do not have ESOMAT 2009 06034-p.5 enough information at our disposal to relate this thermal gradients shape to the predicted analytical transformation phase. Figure 5 presents crack tip temperature evolution. Firstly, this last one is constant, then increases a little to reach a plateau. This plateau corresponds to propagation initiation. Then, temperature at crack tip start rising as crack opening, and reaches a maximum (68°C) then falls down abruptly (about of 40°C) at fracture. Transformation temperatures are unknown but we assume that the martensitic transformation begins just after the plateau, at the temperature increase. 
First observations of the temperature field

Future measures of displacement field with images correlation
In addition to temperature field measurements, coupled displacement field measurements will be implemented by Digital Image Correlation (DIC). This in-situ optical method will allow building strain field map by tracking and correlating a random pattern on the specimen surface. It will inform on phase transformation regions thanks to strain localization observations and will permits to compare its with predicted transformation regions. Besides, the final aim is to attempt a correlation between thermal fields and kinematic fields.
Conclusions
